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ABSTRACT 
PREDICTIVE HABITAT MODEL FOR THE SNAPPING SHRIMP GENUS 
ALPHEUSIN THE COASTAL SOUTHEASTERN UNITED STATES 
by Laura Catherine Anderson 
August 2010 
The present study focused on factors influencing Alpheus distribution in the 
Gulf of Mexico and the northwestern Atlantic Ocean. The objectives were to perform a 
biogeographical analysis of the currently known A lpheus species distribution, develop a 
spatially explicit predictive model, and experimentally verify the importance of 
substrate as a key modeling variable through a laboratory-based substrate choice study. 
Significant predictor variables included in the final model for the Gulf of Mexico were 
Shepard code, seabed class, the quadratic artificial reef term, the quadratic shore term, 
the distance to shore, the indirect predictors of longitude and latitude, and three 
interaction terms (longitude and latitude, quadratic reefterm and quadratic shore terms, 
and Shepard c.ode and distance to shore). The predicted probabilities of snapping shrimp 
absence were comparable to those found in the training data set for the Gulf of Mexico. 
The AUC indicated that the best model built on the Gulf of Mexico training data set was 
not able to predict snapping shrimp distribution in the northwestern Atlantic better than 
a random prediction. The laboratory study verified that the snapping shrimp Alpheus 
heterochaelis exhibit a significant preference for substrates in a manner consistent with 
the results of the biogeographical analysis. The present study elucidates relationships 
among environmental characteristics and genus level spatial distribution of snapping 
11 
shrimp in the Gulf of Mexico, but not the northwestern Atlantic. Further refinement of 
this model will enable more accurate prediction of snapping shrimp distribution. 
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The caridean genus Alpheus, commonly referred to as snapping shrimp (Schein 
1975), has been used extensively in scientific studies. The 281 described Alpheus 
species (de Grave et al. 2009) are distributed worldwide in mostly temperate, 
subtropical, and tropical shallow waters. There are also many cryptic species and 
undescribed species (Anker et al. 2006). Alpheus contains multiple morphologically and 
ecologically similar species on both sides of the Panamanian isthmus (Anker et al. 
2006), which has Jed to models ofthe genus as a timing mechanism for molecular 
diversity in relation to the closing ofthe isthmus (Knowlton and Weigt 1998). Some 
Alpheus species are symbionts of other organisms such as anemones (Knowlton 1980) 
or gobies (Thompson 2004) and have been used as model organisms in the fie ld of 
behavioral ecology. One common species, Alpheus heterochae/is, has been used to 
study a diverse array of topics including mating systems (Schein 1975, Knowlton 1980, 
Mathews 2003, Rahman et al. 2003, Rahman et al. 2004, Mathews 2007), larval 
development and physiology (Gross and Knowlton 1999), the physics of cavitation 
bubbles (Versluis et al. 2000), and cryptic speciation (Knowlton 1986). 
The genus Alpheus has been a focus of morphological and molecular 
phylogenetic studies in recent years (Mathews et al. 2002, Anker et al. 2006). 
Taxonomists have traditionally organized morphologically similar species within the 
genus into species complexes for ease of discussion and comparison (Mathews et al. 
2002). The species complexes have been loosely interpreted as representing 
hypothetical phylogenetic relationships and recent work has helped to clarify the 
systematic relationships. The family Alpheidae is monophyletic but the genus Alpheus 
is not; several of the Alpheus species complexes are also polyphyletic (Bracken 2008). 
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Alpheus is important ecologically because many species are locally abundant 
and can comprise the majority of decapod crustaceans in terms of numbers of 
individuals in a given area (Anker et al. 2006). This makes Alpheus important both as 
predator and as prey. Many species burrow, as indicated by one of the key snapping 
shrimp characteristics of a carapace that is extended to partially or completely cover the 
eyes (Anker et al. 2006). The extended carapace allows snapping shrimp to burrow into 
coarse substrates without injury. Burrowing Alpheus species can significantly alter the 
landscape through their activity thereby changing the suitability of the habitat for other 
species. In seagrass meadows Alpheus burrowing can accelerate the nutrient cycling 
process and increase the stability of the habitat (Vonk et al. 2008). 
Due to the extensive use of Alpheus for scientific study, increased knowledge 
about the biogeography of this genus will be beneficial to researchers across disciplines, 
particularly in systematics and behavioral ecology, which depend on accurate 
information about habitats and ranges. Being better able to predict where Alpheus 
individuals occur would benefit research efforts on many levels. An increased 
understanding of the distribution of Alpheus species offers the potential to minimize 
costly and time-consuming field work by focusing efforts on geographic areas of 
interest with historically low sampling effort. Producing a quantifiable distribution 
model of this complex genus may permit reduced sampling effort. Equally important for 
a group of taxa that is changing rapid ly is that a model based in a geographic 
information system (GIS) can be amended as necessary to reflect gains in knowledge. 
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A model of multiple species within a genus goes beyond a simple 
biogeographical explanation and has additional potential applications (Raxworthy et al. 
2007). The first application of a predictive model is to identify geographic areas that are 
lacking shrimp or those with many populations. It has already been suggested that the 
Gulf of Mexico may be more varied than it appears in terms of species diversity 
(Bracken 2008). This leads to the question of whether the area is gaining species to fill 
ecological niches or losing species for other reasons. A depauperate region could reflect 
an area with more predators or superior competitors or it could indicate a lack of 
sampling in that area due to practical considerations such as time, budget, or effort due 
to terrain or location. 
The second application of a predictive model is to confirm current areas of 
species endemism as well as suggest new localities where additional populations or 
species may be residing (Raxworthy et al. 2003, Raxworthy et al. 2007). Refining a 
species' distribution map can narrow overly broad reports of species ' ranges 
(Raxworthy et al. 2007) and can help in the delimitation of species. Geographically 
separate pockets of populations may be revealed as distinct species upon further 
examination (Wiens and Graham 2005). 
Finally, conservation planning is a common use of predictive species 
distribution models (Austin 2002). Although no Alpheus species is currently considered 
threatened, the areas where they are found are subject to the pressures of climate 
change, anthropogenic pressures from coastal development (Munday 2004), and the 
zone of hypoxia in the Gulf of Mexico (Rabalais et al. 2002). The benthic habitat 
requirements of these shrimp make them particularly vulnerable to siltation from coastal 
pollution. A thorough understanding of the actual distribution of the genus may help 
identify areas of potential concern. 
The present study focused on factors influencing Alpheus distribution in the 
Gulf of Mexico and the northwestern Atlantic Ocean with three overall objectives: 
1. To use a biogeographical analysis of the currently known Alpheus species 
distribution in the Gulf of Mexico to search for ecological parameters of 
importance to this genus; 
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2. To develop and validate a predictive species distribution model for the 
northwestern Atlantic based on the same set of ecological parameters used in the 
biogeographical analysis. The predictive model in the present study is used to 
look for areas with more or fewer snapping shrimp populations, refine current 
species distribution ranges, and lay a foundation for future conservation 
planning; and 
3. To experimentally verify the role of substrate as a key model parameter 
through a laboratory based habitat choice study. 
Model Developmenl 
CHAPTER II 
MATERIALS AND METHODS 
Biogeographical Analysis (Gulf of Mexico) 
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The biogeographical portion of the present study consisted of mapping the 
known Alpheus distribution and relevant environmental variables (see below) in arcGIS 
software (ESRI Version 9.3 .1) and then extracting the data for each collection location 
for use in a generalized linear model. All data were mapped using the North American 
Datum 1983 geographic coordinate system and projected coordinate systems were 
transformed using on-the-fly projection where they differed from one another. Due to 
the extensive range of alpheid shrimps, the present study is limited to a subset of two of 
the Exclusive Economic Zones (EEZ) ofthe United States, which run along the 
coastline and extend out approximately 200 nautical miles from the coastline (Fig. 1 ). 
The portion of the Atlantic EEZ used in the present study stretches from the northern 
border of Virginia south to the Florida Keys. The Gulf of Mexico EEZ spans the area 
between the western Florida Keys to southern Texas. The subsets of these areas used in 
the present study encompass the areas extending to the 250 m or 200 m depth contour of 
the Atlantic and Gulf coasts respectively, which essentially correspond to the 
continental shelf. 
Collections records documenting snapping shrimp occurrence in the Gulf of 
Mexico and the northern Atlantic along the U.S. coast were gathered from publicly 
available data in searchable online databases (Table 1). I searched for occurrence 
records by genus name and refined the search by location. The online collection records 
were derived from historic collections from 1871 - 2009 and most records were 
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associated with a corresponding taxonomically vouchered specimen (see Appendix). 
Documented collection methods included SCUBA diving, benthic grabs, trawls, dip 
netting, and hand collection but not all records included collection information. Some 
records were based on observation alone and no specimens were collected. There was a 
minimum of one and a maximum of 20 individuals at each collection location. 
Approximately half of the original collection records examined were not 
amenable to analysis and could not be used in the present analysis. Alpheus taxonomy is 
in a state of revision at the species level (Christoffersen 1984, McClure 1995, McClure 
2002, Anker et a!. 2007, Anker et a!. 2008). Some Alpheus species are difficult to 
differentiate from one another (Spence and Knowlton 2008) whereas other species have 
been subject to taxonomic revision since the original collection, particularly Alpheus 
heterochaelis. Problems in the collection records that led to a record being discarded 
included doubt about the proper species identification, conflicting data such as multiple 
names for the same species in the same publication, and incorrect or imprecise location 
data. 
The data for individual Alpheus species were not numerous enough to support 
individual models for each species so I restricted the analysis to the genus level. The 
final data set of snapping shrimp occurrence used in the present study included 16 
Alpheus· species (Table 1 ). Due to the nature of the collection records, all data 
represented shrimp presence or occurrence but not necessarily shrimp absence. I 
mapped the 54 7 presence locations within ArcGIS (Fig. 1 ). The collections in the Gulf 
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Fig. 1. Study area with locations of historic Alpheus collections ( 1871- 2009) within 
U.S. Exclusive Economic Zones (EEZ). The dots represent collections used in the 
biogeographic portion of the study. 
Subscript I . U.S. map background from ESRI Version 9.3. 1. © 1995-2010. Adapted w ith permission o f the author. 
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using ArcMap; n = 311) (objective 1) and the validation data set (the remaining 30%; n 
= 134) (Huberty 1994). All other collection records from within the Atlantic EEZ were 
used to assess the accuracy of the predictive model (n = 99) (objective 2). 
Generalized linear models (GLM) were used to build multiple logistic regression 
equations. Strengths of the GLM approach include ease of use with a GIS and the 
Table I 
Alpheus Species and Collection Data Used in the Models 
Number of Collections 
Species Name Gulf of Mexico Atlantic Data Source 
A lpheus amblyonx Chace 1972 
Alpheus angulosus McClure 2002 
Alpheus armatus Rathbun 190 I 
Alpheus armillatus Milne Edwards 1837 
Alpheus beanii Verrill 1922 
Alpheus bouvieri Milne Edwards 1878 
Alpheus estuarensis Christoffersen 1984 
A lpheus jloridanus Kingsley 1878 
Alpheus formosus Gibbes 1850 
Alpheus heterochaelis Say 1818 
Alpheus hortensis Wicksten and McClure 2003 
Alpheus intrinsecus Bate 1888 
Alpheus macrocheles Hailstone 1835 
Alpheus normanni Kingsley 1878 
Alpheus sp . C Bracken 2008 
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Note. 1 National Benthic Inventory (2007) 2 National Museum of Natural History (2008) 
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Florida Museum of Natural History (2009) 
4 Southeastern Regional Taxonomic Center (2009) 5 Environmental Protection Agency (2009) 
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ability to choose environmental predictors of varying data types (Guisan et al. 1999). 
Each equation can be considered to be an hypothesis about the probability of a species 
being present in a habitat due to the environmental predictors. A habitat model using 
logistic regression requires a binary response variable; I had to generate pseudo-
absences because the historical records only included presence data. This method has 
been shown to provide better predictive power than profile techniques such as 
Ecological Niche Factor Analysis and BIOCLIM (Wisz and Guisan 2009). 
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In order to generate the pseudo-absences I first buffered the presence points (n = 
311) in the Gulf of Mexico training data set by a 1 ,600 m circular area. Although a 
viable snapping shrimp population may persist in areas smaller than that enclosed by a 
I ,600 m buffer, a smaller input value may strain the spatial resolution of the model. The 
buffered zones were aggregated ifthey were 500 m or less from each other. I used a 
simple random sampling method in ArcMap to generate 125, 217 absence points within 
the extent of the study area not occupied by the buffered presence areas. The number of 
points generated was based on the number of presence points and fell within the range 
of I 03 to 1 04 more than the presence points in order to ensure that the sample size was 
large enough to avoid unnecessarily large estimation error but small enough to avoid 
bias from overly inflated absence data (Dixon et al. 2005, Chefaoui and Lobo 2008). 
The initial set of potentially informative predictor variables I considered for 
inclusion in the model was chosen based on the availability of data and on the 
plausibility of being biologically relevant to shrimp habitat. The potential variables 
were collated from multiple sources (Table 2) and included three variables describing 
aspects of the substrate, the presence and size of coral reefs, longitude, latitude, the 
Table 2 
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2 United Nations Environment Programme World Conservation Monitoring Centre (2009) 3 NOAA's Coastal Geospatial Data Project ( 1995) 
4 NOAA's Coastal Geospatial Data Project ( 1994) 5 NOAA's Coastal Geospatial Data Project ( 1999) 6 National Ocean Service Special Projects ( 1998) 
7 Florida Fish and Wildli fe Conservation Commission- Division of Marine Fisheries Management (2009) 8 NOAA's Coastal Services Center ( 1998a) 
9 NOAA's Coastal Services Center ( 1998b) 10 National Coastal Data Development Center (2004) 
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Fig. 2. Sampling locations of the geologic data set in the Gulf of Mexico. Only locations 
within the 200 m depth contour were used for the modeling process. 
presence of artificial reefs, distance to the shore and to artificial reefs, water 
temperature, depth, salinity and, for intertidal species, tidal exposure and air 
temperature. I discarded water temperature as a variable because the data available were 
limited to surface temperature, which does not necessari ly accurately reflect the 
temperature experienced by benthic organisms in any but the shallowest waters. Tidal 
exposure and air temperature also were discarded because the precision of measurement 
required to use this information was not available. 
Variables describing substrate type were derived from a geology data set (USGS 
2005) of sediment samplings and observations (Fig. 2) and were divided into three 
relevant nominal variables: Shepard code, seabed class, and mixtures of 
gravel/sand/mud. The Shepard code is a nominal ternary classification that describes 
grain size and proportional contribution of_various substrate types (Shepard 1954). 
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Seabed class describes the seafloor and was reduced to the three categories most likely 
to capture the variation in plausible snapping shrimp habitat: shell, coral or coral reef, 
and a final category that included all other substrates not considered plausible habitat 
such as bare rock. I summarized the three continuous variables of gravel, sand, and mud 
into a single variable consisting of a binary nominal classification denoting a habitat 
made entirely of one substrate or a mixture of the three. The decision to reduce these 
continuous variables to nominal variables was made in an attempt to decrease the 
number of variables in the model and because not all locations had information about 
the percentages of each substrate. The two nominal levels were 100% of any one 
substrate or a mixture of the three. Habitats consisting of 100% of any one substrate 
were presumed to be unsuitable based on descriptions of collection locations from the 
literature (Nolan and Salmon 1970, Spence and Knowlton 2008) as well the results from 
the substrate choice experiment of the present study. Shellfish harvesting areas were 
coded to reflect the relative abundance within each state of eastern oysters [Crassostrea 
virginica (Gmelin 1791 )] and razor clams [(Siliqua patula (Dixon 1789)]. 
Coral reef area information was given in the original data set (UNEP-WCMC 
2009) as the total area for the marine protected area surrounding the reef and was at 
least as large as the reef if not larger. Shape and position of the area were not indicated. 
This resulted in the contrived situation of each coral reef area being mapped as a 
circular buffer around the coordinates of the point location for the coral reef. Snapping 
shrimp data points were categorized as either existing within an area containing a coral 
reef or not. The size of the coral reef area was another variable if the snapping shrimp 
collection occurred within a coral reef area. 
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Latitude and longitude were included as indirect predictors. The bathymetry data 
sets were stored as NOAA Digital Elevation Model (DEM) files and were imported for 
analysis in ArcGIS as raster data sets. Bathymetry data were not available for the Gulf 
of Mexico and the Atlantic portions of the study area at a consistent resolution or in 
consistent data formats. All snapping shrimp presence data fell within the 200m or 250 
m depth contours of the Gulf of Mexico and the Atlantic portions of the study area, 
respectively. Due to the size of the raster data sets and the lack of internal data 
consistency the bathymetry data set was not used. Salinity was classified into three 
levels based on the NOAA Average Annual Salinity Digital Geography data set: Tidal 
Fresh (<0.5 ppt), Mixing Zone (0.5- 25 ppt), and Seawater Zone (>25 ppt) (NOAA 
1999). 
Additional variables were derived from the available information including 
terms to describe the Euclidean distances from snapping shrimp collections to artificial 
reefs and to the shoreline. Linear and quadratic terms were included for these distances 
to account for curved relationships between the response variable and distance from 
shore or artificial reefs (Nicholls 1989). The variables used in the model selection 
process after reducing the original data to the relevant components were Shepard code, 
seabed class, gavel/sand/mud, the presence or absence of a coral reef, the size of the 
coral reef, longitude, latitude, distance to the nearest artificial reef, distance to the shore, 
quadratic distance to the nearest artificial reef, and quadratic distance to shore (Table 3). 
Table 3 
Variables Retained in Best Model 
Name 
Shepard code 1 
seabed c lass 
longitude 
latitude 
quadratic reef term 
distance to shore 
quadratic shore term 




in decimal degrees 
in decimal degrees 
distance to reef + (distance to reefi 
based on Euclidean distance 

















1- coral or coral reef 
2- all others 
Ranges 




Beginning the model selection process with 12 possible variables yields more 
than four million potential model permutations before the inclusion of interaction terms. 
The process of choosing which model permutations to test was exploratory in nature 
due to the limited a priori knowledge available to understand the underlying causes of 
snapping shrimp occurrence. The global model and the model with only the intercept 
were included in the set of explored models for this purpose. Testing hundreds of 
variable combinations without reasonable a priori hypotheses increases the likelihood 
of discovering spurious effects and over-fitting the data and violates the principle of 
parsimony, a widely accepted principle across scientific fields. Logistic regression as a 
form of GLM was the most appropriate technique for the present study because of the 
binary nature of the response variable (presence or absence of snapping shrimp) and the 
mixture of independent variable types among continuous, linear, and categorical data 
with non-normal distributions and differing sample sizes and variances. The adaptable 
nature of GLM also augments the problems associated with iterative model selection 
processes, which can lead to model selection based on perceived significance of 
variables in the sample that do not necessarily translate to significance in the 
population. 
All statistical analyses were performed with JMP 8.0.2 software (SAS Institute 
Inc. 2009). The information theoretic approach was chosen for the model selection 
process. Multiple logistic regression equations were formulated to model snapping 
shrimp occurrence in the Gulf of Mexico. The candidate models analyzed included the 
least and most parsimonious models and a subset of combinations of variables that 
could reasonably be expected to have an influence on shrimp habitat. The inclusion of 
relevant interaction terms increases the efficacy of the predictive power in a model and 
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so a limited number of interactions were tested. This was due in part to the lack of a 
biological reasoning for including specific interactions. Variables under consideration 
were added or removed based on presumed relative importance, effect size, and 
accuracy of the parameter estimation as approximated by the size of the standard error 
relative to the regression coefficient. The models were quantitatively compared and the 
best fit model was selected using the lowest value of the corrected Akaike Information 
Criterion (AICc). The final model chosen was the one that best explained actual 
distribution of snapping shrimp with a minimum of lost information as judged by the 
lowest AICc, lowest delta AICc, and highest AIC weight. 
The response, or dependent, variable in a logistic regression equation, Yi, is 
given by the equation Yi = eui I ( 1 +eui) where Ui is the predictor, or independent, variable. 
Having derived the parameter estimates from the best model I predicted a probability of 
presence for each collection location in the Gulf of Mexico validation data set by u for 
each site using 
u = -3.574024 -0.044149Longitude + 0.2075935Latitude + Shepard (i) + Seabed (i) + 
0.833 1499reef -2.3871 29Shore + 1.1 064383Shore2 + (Longitude + 88.3977) * 
(Latitude- 28.1302) + (Reef- 0.788) * (Shore2 - 1.20274) +Shepard [null] * (Shore-
0.57938) + Shepard [gravel] * (Shore - 0.57938) + Shepard [gravelsed] * (Shore -
0.57938) + Shepard [sand] *(Shore - 0.57938) + Shepard [sed] *(Shore- 0.57938) 
where i = the parameter estimate for the level of the variable in question at that 
collection location. The value for u is then used in the logistic regression equation to 
generate a probability of snapping shrimp presence for each site. The values produced 
have a theoretical range of 0 to 1. 
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Model Validation 
The data from the Gulf of Mexico training data set were used to generate a 
predicted probability for each point in the validation data set in the Gulf of Mexico to 
verify that the model based on the training data was able to accurately classify snapping 
shrimp probability occurrence. The receiver operating characteristic (ROC) area under 
the curve (AUC) score was used to quantitatively compare the distribution in the 
training data set to the distribution in the validation data set. The AUC is useful for 
models built on pseudo-absence data and tests the accuracy of the prediction as 
compared to a random prediction (Phillips et al. 2006). The AUC is a threshold 
independent metric so it is not necessary to lose information by converting the 
continuous probabilities generated by the logistic regression equation to binary 
predictions. The range of the AUC is -1 to 1 with a value of 0.5 signifying a prediction 
not better than random. Although a maximum value of 1 is possible when calculating 
the AUC score for models built on true absence data, the maximum possible value is 
less than 1 when built on pseudo-absences; however, it is not possible to know the true 
maximum in this case (Phillips et al. 2006). 
Predictive Model (northwestern Atlantic) 
After the model validation, I developed a predictive Alpheus species distribution 
model for the U.S. Atlantic coastline using the parameter estimates derived from the 
best Gulf of Mexico training data set model. I generated points in the Atlantic portion of 
the study at the same density as the points in the Gulf of Mexico portion of the study 
and calculated the probability of shrimp absence for each point. These points were then 
converted to raster format to generalize the probabilities to cover the entire extent of the 
-
Atlantic study area. The predicted distribution was mapped using ArcMap and the ROC 
AUC score was used to quantitatively compare the known distribution based on the 
northwestern Atlantic data set shown in Fig. I to the predicted distribution. 
Substrate Choice Experiment: Laboratory Study 
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Substrate was one of the key model parameters and was verified through a 
laboratory based substrate choice experiment. Suitable substrate is a necessary 
component of snapping shrimp habitat (Nolan and Salmon 1970, Thompson 2004). The 
ability of shrimp to burrow in a substrate has been shown to be a factor influencing 
habitat choice (Nolan and Salmon 1970). A common snapping shrimp species, Alpheus 
heterochaelis, was chosen because it resides in both portions of the geographic area of 
interest (the Gulf of Mexico and the northwestern Atlantic) and because it is not only 
abundant but also frequently found in collection data. Alpheus heterochaelis is 
commonly associated with oyster reefs on sandy or muddy substrates and is less often 
collected from submerged aquatic vegetation. That higher numbers of A. heterochaelis 
are collected from oyster reefs may be due to ease of collection, method of collection, 
or a difference in habitat use due to advantages of oyster reef habitats (Nolan and 
Salmon 1970). 
The null hypotheses tested in the substrate choice experiment were: 1. A. 
heterochaelis does not exhibit substrate choice and 2. there is no difference in substrate 
choice between male and female shrimp. The four substrate choices offered were fine 
sand alone, gravel alone, sand with oyster shells, and gravel with oyster shells. 
Snapping shrimp were predicted to choose sand with oyster shells most often because it 
most closely matches the environment where they are most frequently found (Nolan and 
Salmon 1970). 
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Three 151-liter glass aquaria were set up with the different substrate choices. 
The floor of the tank was divided into four equal sections using 4 em tall plastic tank 
dividers. Each section was filled to the height of the plastic divider by a different 
substrate (Fig. 3). The tank was filled with seawater at 30 ppt to a depth of 8 em above 
the tank bottom (- 4 em above the substrate). Individual snapping shrimp were 
introduced separately to the center of the tank. The location of each shrimp was 
recorded after I min to document whether the shrimp explored the tank during the trial s 
or simply hid in the first location they encountered. At 24 h the location of the shrimp 
was recorded again. I used the presence of a shrimp in a particular habitat after 24 h as 
the final criterion for habitat choice. Tanks were drained and refilled after each trial to 
provide clean water and freshly reorganized substrate. The tank water was then allowed 
































Fig. 3: Arrangement of substrate types in 151 L tanks and results for substrate choice 
experiment. G, gravel; S, sand; G + 0, gravel and oyster shells; S + 0 ; sand and oyster 
shell s. Numbers in parentheses indicate the number of snapping shrimp choosing that 




Biogeographical Analysis (Gulf of Mexico) 
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I explored a total of 41 models for the Gulf of Mexico training data set. The best 
model chosen had an AICc of3881.8539, 10 variables, and an Akaike weight((!)) of 
0.5740 (Table 4). The second best model had an acceptable 8.AICc of 1.4962 (Burnham 
and Anderson 2002) but had a much smaller Akaike (l) of0.2717. The models differed 
only by the inclusion of an additional interaction term in the second best model. Due to 
the relative difference in Akaike (l) and to promote parsimony, the second best model 
was rejected and model averaging was not performed. All final variables in the best 
model were statistically significant at a = 0.05 based on a ChiSquare test (Table 5). 
Model Validalion 
The parameter estimates were calculated to model snapping shrimp absence so 
the interpretation likewise is in terms of the probability of snapping shrimp absence. 
Not all levels of each variable were statistically significant (Table 6). Standard errors of 
parameter estimates were less than half the magnitude of the parameter estimates for all 
significant levels. The AUC score for the predictions made on the validation data set 
was 0.8373, indicating that the model built on the training data set in the Gulf of 
Mexico was able to predict the distribution for the Gulf of Mexico validation set at a 
rate better than random. The predicted probabilities of snapping shrimp absence ranged 
from 90.066 to 100.000 with a mean of99.770. I mapped the absence probability for 
each point and converted these to raster format (Fig. 4). 
Table 4 
Model Selection in the Gulf of Mexico Using Corrected Akaike Information Criterion (A!Cc) 
Relative 
Variables Included K AICc lli Likelihood roi 
3, 4, 6, 7, 8, 9, I 0, 3*9, 6*7, 8* 10 10 3881.8539 0.0000 1.0000 0.5740 
3, 4, 6, 7, 8, 9, 10, 3*9, 6*7, 8*10, 9*10 11 3883.3501 1.4962 0.4733 0.271 7 
1, 2, 3, 4, 6, 7, 8, 9, 10, 3*9, 6*7, 8*10 12 3885. 1667 3.3128 0.1908 0.1095 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 3*9, 6*7, 8*10 13 3886.9598 5.1059 0.0779 0.0447 
1, 2, 3, 4, 6, 7, 8, 9, 10, 7*4 10 3900.4047 18.5508 0.0001 0.0001 
1, 2, 3, 4, 6, 7, 8, 9, 10, 3*9 10 3907.4250 25.571 1 0.0000 0.0000 
1, 2, 3, 4, 6, 7, 8, 9, 10, 6*7, 8*10 11 3908.6713 26.8174 0.0000 0.0000 
1, 2, 3, 4, 6, 7, 8, 9, 10, 6*3 10 3910.9004 29.0465 0.0000 0.0000 
1, 2, 3, 4, 6, 7, 8, 9, 10, 6*7 10 3918.7463 36.8924 0.0000 0.0000 
1, 2, 3, 4, 6, 7, 8, 9, 10, 7*9 10 3925.6059 43 .7520 0.0000 0.0000 
1, 2, 3, 4, 6, 7, 8, 9, 10, 7*10 10 3928.7813 46.9274 0.0000 0.0000 
1, 2, 3, 4, 6, 7, 8, 9, 10, 7*8 10 3929.7514 47.8975 0.0000 0.0000 
1' 2, 3, 4, 6, 7, 8, 10, 11 9 3932.5629 50.7090 0.0000 0.0000 
Sum 1.7420 1.0000 
Note. Variables are I , coral reef; 2, coral reef area; 3, Shepard code; 4, seabed class; 5, gravel/sand/mud: 6, longitude; 7, latitude; 8, quadratic reef term: 
9. distance to shore: I 0, quadratic shore tenn; and II , distance to artificial reef. Interactions terms are denoted by the • symbol. Shown are the the number 
of parameters (K), the A ICc score, the t..i indicating the relative A ICc between each model considered and the best model (best models with lowest t..i), 





Effect Tests of Each Parameter in the Best Model 
Parameter DF Chi Square p 
longitude 7.500 0.0062 
latitude 7.587 0.0059 
shepard 5 78.598 <0.0001 
seabedcls 2 8.197 0.0166 
quad_reef 85.8 15 <0.0001 
di st shore 13.666 0.0002 
quad_shore 20.276 <0.0001 
longitude * latitude 19.067 <0.0001 
quad _reef* quad_ shore 11.559 0.0007 
shepard * dist_shore 5 33.449 <0.0001 
Note. Degrees of freedom (DF), Chi Square value, and associated probability (a = 0.05) are 
given. Abbreviations are seabedcls = seabed class, quad_reef = quadratic dis tance to nearest 
arti fi cial reef, dist_shore = Euclidean distance to shore, quad_shore = quadratic distance to 
shore. Interaction terms are denoted by the • symbol. 
Table 6 
Parameter Estimates for Best Model 
Lower Upper 
Parameter Estimate SE Chi Square p CL CL 
intercept -3.574024 2.353512 2.357 0.1247 0.974 0.974 
longitude -0.044149 0.016500 7.500 0.0062 * -0.012 -0.0 12 
lat'itude 0.2075935 0.073244 7.587 0.0059 * 0.348 0.348 
shepard [null) 0.9404897 0.358730 10.747 0.00 10* 1.787 1.787 
shepard [gravel] -0.328204 0.305443 1. 104 0.2934 0.297 0.297 
shepard [gravelsed) -1. 133951 0. 136366 63.377 <0.000 1 * -0.868 -0.868 
shepard [sand] -0.065317 0.141535 0.2 15 0.6431 0.208 0.208 
shepard [sed) 0.019257 0.16521 3 0.014 0.9072 0.346 0.346 
seabedcls [all others] 0.2244389 0.2 18234 1.016 0.3135 0.635 0.635 
seabed cis [coral] -0.753798 0.251035 7.977 0.0047 * -0.242 -0.242 
quad_reef 0.8331499 0.114096 85.815 <0.0001 * 1.069 1.069 
di st shore -2.387129 0.675833 13.666 0.0002 * -1.096 -1.096 
quad shore 1. 1064383 0.268626 20.276 <0.0001 * 1.655 1.655 
(longitude + 88.3977) *(latitude- 28.1302) 0.0547801 0.012948 19.067 <0.0001 * 0.080 0.080 
(quad_reef- 0.788) * (quad_shore- 1.20274) -0.23368 0.058146 11.559 0.0007 * -0.108 -0. 108 
shepard [null] * (dist_shore- 0.57938) 1.42 18735 0.853773 3.455 0.0631 3.337 3.337 
shepard [gravel] * (dist_shore - 0.57938) 0.2474499 0.5376 10 0.219 0.6402 1.384 1.384 
shepard [gravelsed] * ( dist_ shore - 0.5793 8) 0.8331 128 0.320891 6.6 12 0.010 1 * 1.468 1.468 
shepard [sand] * ( dist_ shore - 0.5793 8) -0.403505 0.297 100 1.899 0.1682 0.168 0.168 
shepard [sed) * (dist_shore - 0.57938) -0.586289 0.3466797 2.876 0.0899 0.092 0.092 
Note. Table shows the esti mated value for each parameter with standard error (SE), Chi Square value and associated probabil ity (a= 0.05}, and the 95% lower and upper confidence limits. 
Interaction terms are denoted by • symbol. Variable level abbreviations are gravelsed = gravelly sediment, sed = sediment, quad_reef= quadratic distance to nearest a1 ilicial reef, dist_shore 
= Euclidean distance to shore, quad_shore = quadratic distance to shore. 
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Fig. 4. Probabilities of snapping shrimp absence based on the Gulf of Mexico validation 
data set. 
Predictive Model (northwestern Atlantic) 
Within the Atlantic portion of the study area, I generated a probability of 
snapping shrimp absence for each point and converted these to raster format (Fig. 5). 
The predicted probabilities of snapping shrimp absence were comparable to those found 
in the training data set for the Gulf of Mexico and ranged from 90.726 to 99.977 with a 
mean of98.707. The AUC score was 0.5111, indicating that the best model built on the 
Gulf of Mexico training data set was not able to predict snapping shrimp distribution in 
the northwestern Atlantic better than a random prediction. 
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Fig. 5. Probabilities of snapping shrimp absence in the northwestern 'Atlantic portion of 
the study. 
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A separate set of models was built on the Atlantic data set to explore models to 
better explain the snapping shrimp distribution there (Table 7). All AUC scores for 
these models were higher than the one obtained from the best model built using the Gulf 
of Mexico data (Table 8). These models were very different from the models based on 
the Gulf of Mexico data since the best model for the northwestern Atlantic had only 
four parameters (coral reef area, latitude, longitude, and the interaction between latitude 
and longitude). The predicted probabilities of snapping shrimp absence based on the 
best post hoc model for the Atlantic ranged from 0.000 to 100.000 with a mean of 
98.024. 
Substrate Choice Experiment: Laboratory Study 
Snapping shrimp in the substrate trials typically moved from the original (1 min) 
location and the majority of the shrimp created burrows. Several tanks had more than 
one burrow. The frequency of each substrate choice was analyzed using Pearson' s 
ChiSquare goodness offit. No continuity correction was made because DF > 1 and the 
expected frequencies were sufficiently large. The difference in substrate choice was 
significant (X2 = 76.907, P < 0.001 , DF = 3, a. := 0.05). Alpheus heterochaelis (n = 43) 
chose sand/oyster (35) and gravel/oyster (8) over sand (0) or gravel (0) alone (Fig. 3). 
There was no statistically significant difference between males and females in 
terms of substrate choice (X2 = 0.5607, 0.75 > P < 0.50, DF = 1, a. = 0.05 using Yate's 
correction for continuity, an approximation for Fisher' s exact test) (Fig. 6). Further 
exploration of the data using a subdivided Chi Square test was not able to differentiate 
between shrimp preference of gravel/oyster substrate and sand/oyster substrate due to 
small cell counts. Accounting for any potential edge effect also was confounded by 
-
small cell counts. 
Table 7 
Model Selection in the Northwestern Atlantic Using Corrected Akaike Information 
Criterion (AJCc) 
Relative 
Variables Included K AICc 1:1i Likelihood (t)J 
2,6, 7, 6*7 4 1555.3354 0.0000 1.0000 0.9999 
2,6, 7 
..., 
.) 1574. 1155 18.780 1 0.0001 0.0001 
2, 5, 6, 7 4 1575.9450 20.6096 0.0000 0.0000 
2, 5, 6, 7, 11 5 1577.5303 22.1 949 0.0000 0.0000 
6, 7, 8,6*7 4 1594.5898 39.2544 0.0000 0.0000 
6, 7, 6*7 3 1594.8432 39.5078 0.0000 0.0000 
6*7 1608.0529 52.7175 0.0000 0.0000 
Sum 1.0001 1.0000 
Note. Variables are I. coral reef: 2. coral reef area: 5, gravel/sand/mud; 6, longitude; 7, latitude: 8, quadratic reef term; and 
I I, distance to artificial reef. Interaction terms are denoted by the • symbol. Shown are the number of parameters (K), the 
AICc score, the ~i indicating the relative AICc between each model considered and the best model (best models with lowest 
~i}, the relat ive likelihood o f each model, and the Aka ike weight (wi) indicating the probability that the model in question is 
the best of the set. 
Table 8 
Area Under the Curve (A UC) Scores for Selected Models 
in the Northwestern Atlantic Portion of the Study 
Model 
6, 7,6*7 
6, 7,8, 6*7 
2,6, 7, 6*7 
6*7 
2, 5, 6, 7, 11 
2,6, 7 
2, 5, 6, 7 
Gulf of Mexico model 
AUC 






0.65 11 9 
0.5 11 14 
Note. Variables shown are 2. coral reef area; 5. gravel/sand/mud; 6, longitude; 7, 
latitude; 8, quadrat ic reef term; and I I. distance to artific ial reef. Interaction terms are 
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The biogeographical analysis and substrate choice experiment contributed new 
knowledge to our understanding of Alpheus snapping shrimp occurrence in the Gulf of 
Mexico and the Atlantic coast of the United States. Key predictors of snapping shrimp 
occurrence that could assist in collection efforts are the Shepard code level and the 
seabed class. The distance to artificial reefs, distance to the shoreline, longitude, and 
latitude also play roles in describing the distribution of potential snapping shrimp 
collection sites. 
As longitude decreases, the probability of snapping shrimp absence increases. 
This indicates that snapping shrimp are less likely to be collected in the western Gulf of 
Mexico. As latitude increases, the probability of snapping shrimp absence increases. 
This indicates that snapping shrimp are less likely to be collected in the northern regions 
of the Gulf of Mexico study area. The northernmost areas in the study area are the 
coasts of Mississippi, Alabama, and the western edge of the Florida panhandle; there 
were relatively few snapping shrimp collections made there compared to the 
preponderance of collection data in south Florida. As the value of the quadratic shore 
term increases, the probability of snapping shrimp absence increases but the opposite is 
true for snapping shrimp probability in relation to simple distance from shore. These 
values indicate that the strength of the relationship of distance from shore changes 
based on the spatial scale. 
As the value of the quadratic reef term increases, the probability of snapping 
shrimp absence increases indicating that snapping shrimp occurrence is positively 
-
influenced by being very close to an artificial reef but that this relationship fades 
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quickly. I included the artificial reef data in the modeling process because these habitats 
seemed likely to be able to provide shelter for snapping shrimp and because I had 
personal experience successfully collecting snapping shrimp near an artificial reef in the 
Mississippi Sound. Siltation of inshore waters is a result of coastal development, point 
and non-point source pollution, and other anthropogenic factors. Siltation increases 
hypoxia and inhibits the growth of submerged aquatic vegetation and other sea life that 
contribute to structure on the seafloor (Munday 2004). Artificial reef programs are one 
way to replace some of that structure and provide habitat for many vertebrate and 
invertebrate species. 
Artificial reefs are often built with fishing in mind and are often evaluated with 
those objectives in mind. The impact of these reefs on other less recreationally or 
commercially important animals is not taken into consideration. Artificial reef programs 
are typically managed by state governments and there is no standardization in the 
methods used to plan, construct, and monitor their impact (Baine 2001). Concrete is the 
most commonly used material in artificial reefs (Baine 2001) and provides suitable 
snapping shrimp habitat. Artificial reefs may either provide new habitat for snapping 
shrimp, allowing them to exploit areas previously ecologically unavailable, or they may 
simply concentrate already existing populations and make the snapping shrimp easier to 
find and collect. 
Snapping shrimp occurrence in the Gulf of Mexico study area is positively 
associated with the seabed class of "coral" and negatively associated with the seabed 
class of "other" . This was an expected result because coral and rubble as well as coral 
reefs provide habitat for snapping shrimp whereas the code of other was used to 
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describe all other seabed classes in the data set that did not describe suitable habitat for 
snapping shrimp. 
Snapping shrimp occurrence in the Gulf of Mexico study area is positively 
influenced by a Shepard code of gravel, gravelly sediment, and sand and is negatively 
influenced by a Shepard code of sediment. As the Shepard code is a nominal ternary 
classification scheme developed for use among geologists, the descriptive terms are not 
necessarily indicative of the more detailed description of these substrates that are given 
in an ecological context. In the Shepard code, for example, small pieces of concrete 
rubble may be termed gravel. As demonstrated in the substrate choice experiment of the 
present study, gravel is not a preferred substrate for snapping shrimp. Concrete rubble, 
however, can serve the same structural purpose as oyster shells as long as it is found in 
conjunction with other more manageably sized pieces of material that are amenable to 
manipulation by snapping shrimp. Such environments are known to be suitable habitats 
for Alpheus species in North Carolina (William Kirby-Smith, Duke University Marine 
Laboratory, personal communication) and in Texas (Matthew McClure, Lamar State 
College-Orange, personal communication). 
The biogeographical model used in the Gulf of Mexico is useful for describing 
and explaining variation in snapping shrimp distribution in the Gulf of Mexico. The 
predictive model based on the Gulf of Mexico training data set failed to adequately 
predict the distribution of snapping shrimp in the Atlantic portion of the study as shown 
by the low A UC score of 0.5111. The objectives of looking for areas with more or 
fewer snapping shrimp populations, refining current species distribution ranges, and 
laying a foundation for future conservation planning were not met. The post hoc models 
developed for the Atlantic portion of the study are solely exploratory in nature and 
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should not be used to explain snapping shrimp ecology. The best model of the set only 
included the coral reef area, longitude, latitude, and the interaction between longitude 
and latitude (Table 7). No other combination of variables or interaction terms had a 
comparable AICc score. My inability to find a set of models rather than a single model 
to describe the snapping shrimp distribution indicates that either the nature of the 
collection records in the Atlantic differs from the collection records in the Gulf of 
Mexico or the ecology of snapping shrimp in the Atlantic is different enough from those 
in the Gulf of Mexico that the same set of variables cannot be used to describe the two. 
Repeated difficulties with quasi-complete data separation and failure to converge when 
running the logistic regression analyses for the Atlantic models suggest that the problem 
is associated with the use of categorical variables or variables with a narrow range of 
values that influence snapping shrimp occurrence. All AUC scores for the post hoc 
Atlantic models were higher than the AUC score from the Gulf of Mexico model (Table 
8). The model with the lowest AICc score was not the same as the model with the 
highest AUC score, which also indicates that the problem lies in the data and the 
associated analysis but is not due to different ecological requirements for snapping 
shrimp in the Gulf of Mexico compared to the Atlantic. 
Multicollinearity, the situation in which the predictor variables are correlated 
with one another, is a common situation in geospatial analyses but was not taken into 
account in the present study. Ignoring multicollinearity can lead to the inclusion of 
predictor variables that account for the multicollinearity but not the underlying 
relationship (de Frutos et al. 2006). This in tum can decrease predictive power by 
excluding or omitting more relevant predictor variables (Graham 2003). 
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Spatial autocorrelation, the situation in which values of the variables are 
correlated based on distance to the nearest neighbor, is also a confounding factor in 
habitat distribution models. This is likely to play a role in not only the independent 
variables but also the dependent variable. Spatial autocorrelation arises from natural 
phenomena as well as collection bias or data sampling. The dependent variable, 
snapping shrimp presence or absence, could be subject to spatial autocorrelation due to 
collection bias. The time required to collect snapping shrimp by hand or by net as well 
as the taxonomic skill needed to identify Alpheus species constrains collection numbers 
and locations. A visual analysis of snapping shrimp collection locations indicates that 
shrimp are often found near university marine laboratories including Florida State 
University at St. Teresa, Florida, and the Dauphin Island Sea Lab in Alabama. It was 
not possible to measure spatial autocorrelation in all of the data sets but spatial 
autocorrelation was found in the artificial reef data for the Gulf of Mexico and the 
Atlantic, the Gulf of Mexico coral reef data, and the Gulf of Mexico shellfish data. The 
variation among spatial autocorrelation levels for individual variables in the Gulf of 
Mexico and Atlantic portions of the study may exacerbate the inability of the best Gulf 
of Mexico model to predict the distribution in the Atlantic. Accounting for spatial 
autocorrelation in a GLM can improve prediction accuracy (Augustin et a!. 1996, de 
Frutos et a!. 2007). 
Temporal variation plays a role in the modeling process as well. First, I 
discarded many older collection records due to imprecise location data. More recent 
collection data are recorded with precise longitude latitude coordinates at the time of 
collection. Second, snapping shrimp are often collected during the warmer months of 
the year when conditions are more comfortable for collectors, leading to a dearth of 
information about temporal variation in snapping shrimp locations and abundances. 
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Including longitude and latitude as indirect predictors terms has the advantage of 
accounting for some of the spatial autocorrelation in the data but indirect predictors do 
not perform as well as direct predictors for the purpose of prediction (Guisan eta!. 
1999). The longitude and latitude terms substantially improved the performance of all 
models and are explaining variation not otherwise accounted for in the predictor 
variables. Incorporating more direct predictor variables that explain this variation, such 
as temperature, would increase the predictive performance of the model. Predictive 
performance could also be improved by accounting for multicollinearity. Although a 
trade-off exists between parsimony and explanatory power, a model to be used for 
prediction loses its predictive power as the fit of the model to the training set increases. 
This is especially true when the predictions are made in a new and completely separate 
geographic area such as in the present study. 
The substrate choices made by Alpheus heterochaelis in the laboratory 
experiment are consistent with its behavior and physical constraints. Sand and other fine 
particles are easily manipulated by snapping shrimp but lack the rigidity or structure 
necessary to be used as building material for shelters. Although gravel shelters may be 
more structurally stable, gravel is not as easily manipulated for burrow construction 
activities due to the small size of the minor chelae. Oyster shells provide ready made 
walls or roofs and serve as structures against which smaller materials can be gathered. 
Males and females are also expected to prefer similar substrates since they live together 
once mated. The clear substrate preference of Alpheus heterochaelis demonstrates the 
importance of including substrate type in the modeling process. 
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The present study elucidates relationships among environmental characteristics 
and genus level spatial distribution of snapping shrimp. The methods used reveal the 
promise of predictive modeling of geographical distribution from habitat characteristics. 
Further refinement of this model will enable more accurate prediction of snapping 
shrimp distribution. The development of accurate predictive models from the 
historically available data is essential to our ability to estimate expected distributions of 
species and deviation from these distributions in the face of environmental change. 
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APPENDIX 
DATA SOURCES FORALPHEUSCOLLECTION LOCATIONS 
NBI (National Benthic Inventory). 2007. [Accessed September 14, 2009.] NBI website. 
<http://www.nbi.noaa.gov/>. 
NMNH (National Museum ofNatural History). 2008. Data from the Invertebrate 
Zoology Collections. Information provided with the permission of the National 
Museum ofNatural History, Smithsonian Institution, lOth and Constitution Ave. N.W., 
Washington, DC 20560-0193. (http://www.nmnh.si.edu/). 
[Accessed through GBIF data portal , http://data.gbif.org/datasets/resource/1834]. 
GBIF (Global Biodiversity Information Facility) data set includes data from: 
U.S. Environmental Protection Agency through its Environmental Monitoring and 
Assessment Program (EMAP), http://www.epa.gov/emap/. 
[Accessed through GBIF data portal, http://data.gbif.org/datasets/resource/314]. 
Yale Peabody Museum, (c) 2009. Specimen data records available through distributed 
digital resources. 
[Accessed through GBIF data portal, http://data.gbif.org/datasets/resourcell 021]. 
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Database SQecies Name Longitude Latitude Year Month 
GBIF Alpheus amblyonyx -80.176 27.201 1994 --
GBIF Alpheus amblyonyx -89.706 28.947 1994 8 
GBIF Alpheus amblyonyx -83.630 25.28 1 1994 4 
GBIF Alpheus amblyonyx -83.780 26.279 1994 7 
GBIF Alpheus amblyonyx -80.000 28.700 1994 10 
GBIF Alpheus amblyonyx -80.047 28.700 1994 10 
GBIF Alpheus amblyonyx -85.748 28.750 1994 6 
NBI Alpheus amblyonyx -80.176 27.201 1994 8 
NMNH Alpheus amblyonyx -83.780 26.279 1981 7 
NMNH Alpheus amblyonyx -80.047 28.700 1984 10 
NMNH Alpheus amblyonyx -80.000 28.700 1984 10 
NMNH Alpheus amblyonyx -83.630 25.28 1 198 1 4 
GBIF Alpheus angulosus -79.898 32.753 1994 3 
GBIF Alpheus angulosus -81.800 24.600 1994 --
GBIF Alpheus armatus -82.527 25.765 1994 7 
NMNH Alpheus armatus -82.527 25.765 198 1 7 
GBIF Alpheus armillatus -81 .655 30.39 1 1994 --
GBIF A lpheus armillatus -8 1.561 30.383 1994 --
GBIF Alpheus armillatus -8 1.800 25.294 1995 12 
GBIF Alpheus armillatus -82.210 26.298 1995 5 
GBIF Alpheus armillatus -81.663 25.297 1995 6 
GBIF Alpheus armillatus -79.897 32.753 1995 7 
GBIF Alpheus armillatus -79.924 32.730 1995 7 
GBIF Alpheus armillatus -79.937 32.805 1995 8 
NBI Alpheus armillatus -8 1.655 30.391 2001 7 
NBI Alpheus armillatus -8 1.561 30.383 2001 7 
NMNH Alpheus armillatus -82.210 26.298 1983 5 
NMNH Alpheus armillatus -81.663 25.297 1983 6 
NMNH Alpheus armillatus -8 1.800 25.294 1982 12 
GBIF Alpheus armillatus -82.102 26.489 1939 5 
GBIF Alpheus beanii -79.868 32.217 1995 8 
GBIF Alpheus bouvieri -81.796 24.628 1996 --
GBIF Alpheus bouvieri -80.638 25.080 1996 --
GBIF Alpheus bouvieri -8 1.829 24.511 1996 --
GBIF Alpheus bouvieri -82.748 26.648 1996 --
NBI A lpheus bouvieri -82.748 26.648 2000 8 
NBI Alpheus bouvieri -83.732 25.1 52 1999 8 
NBI Alpheus bouvieri -8 1.829 24.51 1 1997 8 
NBI Alpheus bouvieri -80.638 25.080 1996 8 
NBI A lpheus bouvieri -81.796 24.628 1996 8 
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Database SQecies Name Longitude Latitude Year Month 
GBIF Alpheus estuariensis -81.981 26.257 1938 1 
GBIF Alpheus estuariensis -89.600 30.200 1939 5 
GBIF Alpheus estuariensis -89.256 30. I28 I940 3 
GBIF Alpheus estuariensis -94.825 29.3I6 I937 4 
GBIF Alpheus estuariensis -80.894 25.022 I937 4 
NBI Alpheus estuariensis -80.894 25.022 2000 8 
NBI Alpheus estuariensis -83.258 26.I05 2000 8 
NBI Alpheus estuariensis -83.080 26.272 2000 8 
NBI Alpheus estuariensis -81.98I 26.257 2000 8 
NBI Alpheus estuariensis -94.825 29.3 I6 I996 7 
GBIF Alpheus jloridanus -80.I74 25.769 I950 6 
GBIF Alpheus jloridanus -80.174 25.769 I954 2 
GBIF Alpheus jloridanus -80.135 25.9I4 I954 12 
GBIF Alpheus jloridanus -80.I7I 25.755 I955 2 
GBIF Alpheus jloridanus -81.230 24.687 1955 3 
GBIF Alpheus jloridanus -82.824 24.583 1955 4 
GBIF Alpheus jloridanus -82.061 24.57I 1956 2 
GBIF Alpheus jloridanus -82.342 24.7 13 1959 4 
GBIF Alpheus jloridanus -82.608 24.754 1961 2 
GBIF Alpheus jloridanus -81.553 24.721 1961 3 
GBIF Alpheus jloridanus -81.862 24.645 1961 "' .) 
GBIF Alpheus jloridanus -81.829 24.5 11 1961 3 
GBIF Alpheus jloridanus -81.571 24.704 I96I IO 
GBIF Alpheus jloridanus -81.118 24.762 1961 II 
GBIF Alpheus jloridanus -81.959 24.6 I8 1962 1 
GBIF Alpheus jloridanus -80.605 24.955 1962 1 
GBIF Alpheus jloridanus -81.230 24.687 I962 2 
GBIF Alpheus jloridanus -8 1.11 8 24.762 1962 2 
GBIF Alpheusjloridanus -82.709 26.220 1963 "' .) 
GBIF Alpheus jloridanus -82.709 26.220 1963 6 
GBIF Alpheus jloridanus -88.733 29.083 1963 6 
GBIF Alpheus jloridanus -89.758 29.1 33 1963 7 
GBIF A lpheus jloridanus -88.717 29.117 1963 9 
GBIF Alpheus florid anus -88.717 29. 117 1966 2 
GBIF Alpheus jloridanus -88.717 29. 11 7 1966 7 
GBIF Alpheus jloridanus -75.452 35.050 1968 
GBIF Alpheus jloridanus -83.384 26.417 1969 5 
GBIF Alpheus jloridanus -82.333 26.667 I969 6 
GBIF Alpheusjloridanus -83.458 27.933 1969 8 
GBIF Alpheus jloridanus -83. 150 27.950 1969 8 
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GBIF A lpheus jloridanus -84.334 28.700 I970 8 
GBIF A lpheus jlor idanus -86.083 29.9I6 I970 8 
GBIF Alpheus jloridanus -86.083 29.9I6 I970 I2 
GBIF Alpheus jloridanus -84.734 29.333 I972 I 
GBIF Alpheus jloridanus -84.734 29.333 I972 4 
GBIF Alpheus jloridanus -75.513 35.025 I972 8 
GBIF Alpheus jloridanus -83.083 26.667 I972 8 
GBIF Alpheus jloridanus -86.083 29.9I6 1972 8 
GBIF Alpheus jloridanus -84.734 29.333 1973 7 
GBIF Alpheus jloridanus -83.083 26.667 I974 I 
GBIF Alpheus jloridanus -86.083 29.916 I974 2 
GBIF Alpheus jloridanus -89.690 29.128 I974 6 
GBIF Alpheus jloridanus -89.690 29. I28 I974 6 
GBIF Alpheus jloridanus -89.690 29. I28 I974 7 
GBIF Alpheus jloridanus -89.690 29.128 I974 8 
GBIF A lpheus jloridanus -89.690 29.I28 I974 8 
GBIF Alpheus jloridanus -89.690 29. I28 I974 8 
GBIF Alpheus jloridanus -89.690 29.128 I974 8 
GBIF Alpheus jloridanus -89.690 29.128 1974 8 
GBIF Alpheus jloridanus -89.690 29. I28 I974 8 
GBIF A lpheus jloridanus -89.690 29. I28 I974 II 
GBIF Alpheus jloridanus -89.690 29.I28 I974 I2 
GBIF Alpheus jloridanus -90.300 28.900 I975 1 
GBIF Alpheus jloridanus -90.245 28.667 I975 1 
GBIF Alpheusjloridanus -90.245 28.667 1975 2 
GBIF Alpheus jloridanus -90.245 28.667 1975 2 
GBIF Alpheus jloridanus -91.500 28.800 I975 2 
GBIF Alpheus jloridanus -90.600 28.400 I975 2 
GBIF Alpheus jloridanus -90.600 28.400 I975 2 
GBIF Alpheus jloridanus -90.409 28.569 1976 
GBIF Alpheus jloridanus -90.409 28.569 1976 
GBIF Alpheus jloridanus -90.409 28.569 1976 1 
GBIF Alpheus jloridanus -90.409 28.569 1976 I 
GBIF Alpheusjloridanus -90.409 28.569 I976 1 
GBIF Alpheus jloridanus -90.409 28.569 I976 1 
GBIF Alpheus jloridanus -90.409 28.569 1976 
GBIF Alpheus jloridanus -90.409 28.569 I976 2 
GBIF A lpheus jloridanus -90.409 28.569 I976 2 
GBIF Alpheus jloridanus -90.409 28.569 1976 2 
GBIF Alpheus jloridanus -90.409 28.569 I976 2 
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GBIF Alpheus jloridanus -90.409 28.569 1976 2 
GBIF Alpheus jloridanus -90.409 28.569 1976 5 
GBIF Alpheus jloridanus -90.409 28.569 1976 11 
GBIF Alpheus jloridanus -90.409 28.569 1977 8 
GBIF Alpheus jloridanus -90.409 28.569 1977 8 
GBIF Alpheus jloridanus -91.279 28.474 1977 8 
GBIF Alpheus jloridanus -90.409 28.569 1977 8 
GBIF Alpheus jloridanus -90.409 28.569 1977 8 
GBIF Alpheus jloridanus -90.409 28.569 1977 8 
GBIF Alpheus jloridanus -90.409 28.569 1977 8 
GBIF Alpheus jloridanus -90.409 28.569 1977 8 
GBIF Alpheus jloridanus -90.409 28.569 1977 8 
GBIF Alpheus jloridanus -90.409 28.569 1977 8 
GBIF Alpheus jloridanus -90.409 28.569 1977 8 
GBIF Alpheus jloridanus -89.706 28.947 1977 8 
GBIF Alpheus jloridanus -89.706 28.947 1977 8 
GBIF Alpheus jloridanus -90.245 28.667 1977 8 
GBIF Alpheus jloridanus -90.245 28.667 1977 8 
GBIF Alpheus jloridanus -90.409 28.569 1977 8 
GBIF Alpheus jloridanus -90.409 28.569 1977 8 
GBIF Alpheus jloridanus -90.409 28.569 1977 8 
GBIF Alpheus jloridanus -89.684 28.952 1977 8 
GBIF Alpheus jloridanus -89.684 28.952 1977 8 
GBIF Alpheus jloridanus -91.500 28.800 1977 8 
GBIF Alpheus jloridanus -91.500 28.800 1977 8 
GBIF Alpheus jloridanus -89.690 29. 128 1977 8 
GBIF Alpheus jloridanus -89.690 29.128 1977 9 
GBIF Alpheus jloridanus -89.690 29.128 1977 9 
GBIF Alpheus jloridanus -90.245 28.667 1977 10 
GBIF Alpheus jloridanus -90.245 28.667 1977 10 
GBIF Alpheus jloridanus -90.245 28.667 1977 10 
GBIF Alpheus jloridanus -90.245 28.667 1977 10 
GBIF Alpheus jloridanus -90.409 28.569 1977 10 
GBIF Alpheus jloridanus -90.409 28.569 1977 10 
GBIF Alpheus jloridanus -90.409 28.569 1977 10 
GBIF Alpheus jloridanus -90.409 28.569 1977 10 
GBIF Alpheus jloridanus -90.409 28.569 1977 10 
GBIF Alpheus jloridanus -90.409 28.569 1977 10 
GBIF Alpheus jloridanus -83.357 26.764 1978 
GBIF Alpheus jloridanus -83.357 26.764 1978 
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GBIF Alpheus jloridanus -82.734 26.280 1978 1 
GBIF Alpheus floridanus -82.734 26.280 1978 
GBIF Alpheus jloridanus -83.357 26.764 1978 1 
GBIF Alpheus jloridanus -82.734 26.280 1978 
GBIF Alpheus jloridanus -82.728 26.283 1978 1 
GBIF Alpheus jloridanus -83.185 25.800 1978 1 
GBIF Alpheus jloridanus -90.300 28.900 1978 1 
NBI Alpheus jloridanus -80.174 25.769 1995 4 
NBI Alpheus jloridanus -80.171 25.755 1995 4 
NBI Alpheus jloridanus -80.135 25.914 1995 3 
NBI Alpheus jloridanus -80.174 25.769 1995 4 
NBI Alpheus jloridanus -83.165 26.388 2000 8 
NBI A !phew; jloridanus -81.572 24.704 1997 8 
NBI Alpheus floridanus -82.660 25.299 1999 8 
NBI Alpheus jloridanus -83.404 26.525 2000 8 
NBI Alpheus floridanus -82.709 26.220 2000 8 
NBI Alpheus jloridanus -82.926 25.393 1999 8 
NBI Alpheus jloridanus -82.709 26.220 2000 8 
NBI Alpheus jloridanus -82.825 24.583 1997 7 
NBI Alpheus floridanus -82.609 24.754 1997 7 
NBI Alpheus jloridanus -81.959 24.618 1997 8 
NBI Alpheus jloridanus -8 1.118 24.762 2000 8 
NBI Alpheus floridanus -81.829 24.5 11 1997 8 
NBI Alpheus jloridanus -82.061 24.571 1997 8 
NBI Alpheus floridanus -8 1.862 24.645 1997 7 
NBI Alpheus jloridanus -8 1.553 24.72 1 1997 8 
NBI Alpheus jloridanus -82.341 24.713 1997 7 
NBI Alpheus jloridanus -81.230 24.687 2000 8 
NBI Alpheus floridanus -80.605 24.955 1997 8 
NBI Alpheus jloridanus -8 1.118 24.762 1997 8 
NBI Alpheus floridanus -81.230 24.687 1996 8 
NMNH Alpheus floridanus -84.734 29.333 1977 8 
NMNH Alpheus floridanus -83.384 26.417 1977 8 
NMNH Alpheus floridanus -90.409 28.569 1978 6 
NMNH Alpheus jloridanus -90.409 28.569 1978 6 
NMNH Alpheus floridanus -91.500 28.800 1979 
NMNH Alpheus floridanus -90.245 28.667 1978 5 
NMNH Alpheus jloridanus -90.409 28.569 1978 8 
NMNH Alpheusfloridanus -90.409 28.569 1978 8 
NMNH Alpheus jloridanus -90.409 28.569 1979 
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NMNH Alpheus jloridanus -90.409 28.569 1978 8 
NMNH Alpheus jloridanus -90.409 28.569 1979 1 
NMNH Alpheus jloridanus -90.300 28.900 0 
NMNH Alpheus jloridanus -90.600 28.400 1978 6 
NMNH Alpheus jloridanus -90.245 28.667 1978 5 
NMNH Alpheus jloridanus -91.279 28.474 1978 8 
NMNH Alpheusjloridanus -90.409 28.569 1978 8 
NMNH Alpheusjloridanus -90.409 28.569 1979 1 
NMNH Alpheus jloridanus -90.600 28.400 1978 6 
NMNH Alpheus jloridanus -90.409 28.569 1978 6 
NMNH Alpheus jloridanus -90.409 28.569 1978 6 
NMNH Alpheus jloridanus -90.245 28.667 1978 8 
NMNH A lpheus jloridanus -90.409 28.569 1978 6 
NMNH Alpheus jloridanus -90.409 28.569 1978 6 
NMNH Alpheus jloridanus -90.409 28.569 1978 6 
NMNH Alpheus jloridanus -90.245 28.667 1978 8 
NMNH Alpheus jloridanus -90.409 28.569 1978 6 
NMNH Alpheus floridanus -90.409 28.569 1978 8 
NMNH Alpheus jloridanus -90.409 28.569 1979 
NMNH Alpheus jloridanus -84.734 29.333 1977 10 
NMNH Alpheus jloridanus -82.333 26.667 1977 8 
NMNH Alphew;floridanus -83. 150 27.950 1977 8 
NMNH Alpheus jloridanus -82.728 26.283 1985 3 
NMNH Alpheus jloridanus -82.734 26.280 1982 2 
NMNH Alpheus floridanus -83.357 26.764 1982 2 
NMNH Alpheus jloridanus -83.458 27.933 1977 8 
NMNH Alpheus jloridanus -83.357 26.764 1981 5 
NMNH Alpheus jloridanus -82.734 26.280 1981 7 
NMNH Alpheus floridanus -83.083 26.667 1977 10 
NMNH Alpheus jloridanus -83.357 26.764 1980 10 
NMNH Alpheus jloridanus -83. 185 25.800 1982 2 
NMNH Alpheus jloridanus -84.334 28.700 1977 8 
NMNH Alpheus jloridanus -84.734 29.333 1977 8 
NMNH Alpheus jloridanus -82.734 26.280 1981 7 
NMNH Alpheus jloridanus -82.734 26.280 1981 7 
NMNH Alpheus jloridanus -90.409 28.569 1979 1 
NMNH Alpheus jloridanus -91.500 28.800 1978 6 
NMNH Alpheus jloridanus -90.409 28.569 1978 6 
NMNH A lpheus jloridanus -90.409 28.569 1978 6 
NMNH A lpheus flor idanus -9 1.500 28.800 1978 9 
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NMNH Alpheus jloridanus -90.409 28.569 1978 8 
NMNH A lpheus jloridanus -90.245 28.667 1979 
NMNH Alpheus jloridanus -90.245 28.667 1978 5 
NMNH Alpheus floridanus -90.409 28.569 1978 6 
NMNH Alpheus jloridanus -90.245 28.667 1979 1 
NMNH Alpheus jloridanus -90.409 28.569 1978 8 
NMNH Alpheus jloridanus -90.409 28.569 1978 6 
NMNH Alpheus jloridanus -90.409 28.569 1978 8 
NMNH Alpheus jloridanus -90.409 28.569 1979 
NMNH Alpheus jloridanus -90.245 28.667 1979 1 
NMNH Alpheus jloridanus -83.083 26.667 1978 1 
NMNH Alpheus jloridanus -90.245 28.667 1979 1 
NMNH Alpheus jloridanus -90.409 28.569 1978 8 
NMNH Alpheus jloridanus -90.409 28.569 1978 6 
NMNH Alpheus jloridanus -90.409 28.569 1978 6 
NMNH Alpheus jloridanus -90.409 28.569 1978 6 
NMNH Alpheus jloridanus -90.409 28.569 1978 8 
NMNH Alpheus jloridanus -90.409 28.569 1978 6 
NMNH Alpheus jloridanus -90.409 28.569 1978 8 
NMNH Alpheus jloridanus -90.300 28.900 1978 5 
GBIF Alpheus jloridanus -89.758 29.1 33 1937 3 
GBIF Alpheus jloridanus -87.717 29. 117 1937 4 
GBIF Alpheus jloridanus -87.717 29.117 1937 4 
GBIF Alpheus jloridanus -88.733 29.083 1937 3 
GBIF Alpheus jloridanus -88.7 17 29. 117 1937 4 
GBIF Alpheus formosus -78.612 32.845 1978 5 
GBIF Alpheus formosus -80.328 31.668 1978 5 
GBIF Alpheus formosus -80.322 31.680 1978 5 
GBIF Alpheus formosus -79.763 32.245 1978 5 
GBIF Alpheus formosus -78.597 32.840 1978 5 
GBIF Alpheus formosus -78.597 32.835 1978 5 
GBIF Alpheus formosus -78.605 32.835 1978 5 
GBIF Alpheus formosus -78.600 32.830 1978 5 
GBIF Alpheus formosus -78.605 32.835 1978 5 
GBIF Alpheus formosus -78.412 33.262 1978 6 
GBIF Alpheus formosus -78.413 33.248 1978 6 
GBIF Alpheus formosus -78.4 13 33.248 1978 6 
GBIF Alpheus formosus -80.207 30.440 1978 6 
GBIF Alpheus formosus -78.657 32.828 1978 6 
GBIF Alpheus formosus -80.882 31.385 1978 6 
45 
Database Sgecies Name Longitude Latitude Year Month 
GBIF Alpheus formosus -80.343 30.683 I978 6 
GBIF Alpheus formosus -80.347 3I.685 I978 6 
GBIF Alpheus formosus -82.869 25.288 I978 6 
GBIF Alpheus formosus -80.345 3I.682 I978 6 
GBIF Alpheus formosus -80.343 3I.687 I978 6 
GBIF Alpheus formosus -79.743 3I.530 I978 6 
GBIF Alpheus formosus -77.4I7 33.538 I978 6 
GBIF Alpheus formosus -78.660 32.8IO I978 6 
GBIF Alpheus formosus -80.882 31.395 I978 6 
GBIF Alpheus formosus -80.887 31.387 I978 6 
GBIF A lpheus formosus -78.662 32.820 I978 6 
GBIF A lpheus formosus -80.347 3I.685 I978 6 
GBIF Alpheus formosus -76.598 34.405 I978 6 
GBIF Alpheus formosus -82.527 25.765 1978 8 
NMNH Alpheus formosus -82.527 25.765 I982 2 
NMNH Alpheus formosus -82.869 25.288 I98I 4 
GBIF Alpheus heterochaelis -81.451 31.106 I979 
GBIF Alpheus heterochaelis -81.796 24.629 I979 
GBIF Alpheus heterochaelis -81.800 24.600 1979 
GBIF Alpheus heterochaelis -88.500 30.300 I979 I 
GBIF Alpheus heterochaelis -97.000 27.800 1979 I 
GBIF Alpheus heterochaelis -84.I80 30.072 I979 4 
GBIF Alpheus heterochaelis -77.423 33.543 1979 9 
GBIF A/phew; heterochaelis -76.294 36.832 1979 9 
GBIF Alpheus heterochaelis -75.920 37.2 IO 1979 9 
GBIF Alpheus heterochaelis -75.890 37.330 I979 9 
GBIF Alpheus heterochaelis -79.944 32.662 1979 9 
GBIF Alpheus heterochaelis -79.902 32.752 1980 I 
GBIF Alpheus heterochaelis -79.907 32.73I I980 8 
GBIF Alpheus heterochaelis -79.897 32.740 I980 8 
GBIF Alpheus heterochaelis -80.913 32.3 12 I980 9 
NBI Alpheus heterochaelis -81.796 24.629 I995 9 
NBI A/phew; heterochaelis -81.451 3l.I 06 1994 8 
GBIF Alpheus heterochaelis -80.635 24.913 I938 3 
GBIF Alpheus hortensis -93.813 27.875 I98I 4 
GBIF Alpheus hortensis -94.300 28.200 198I 4 
NMNH Alpheus hortensis -94.300 28.200 2001 7 
NMNH Alpheus hortensis -93.8 13 27.875 1972 1 
GBIF Alpheus intrinsecus -80.273 32.423 1981 5 
GBIF Alpheus macrocheles -79.988 27.800 198I 8 
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GBIF Alpheus normanni -80.365 29.571 1982 2 
GBIF A/phew; normanni -80.364 29.568 1982 12 
GBIF Alpheus normanni -79.708 32.493 1982 12 
GBIF Alpheus normanni -77.417 33.538 1982 12 
GBIF Alpheus normanni -82.527 25.765 1982 12 
GBIF Alpheus normanni -82.527 25.765 1982 12 
GBIF Alpheus normanni -83.357 26.764 1982 12 
GBIF Alpheus normanni -83.357 26.764 1982 12 
GBIF Alpheus normanni -82.719 26.763 1982 12 
GBIF Alpheus normanni -77.417 33.538 1982 12 
GBIF Alpheus normanni -76.597 34.403 1982 12 
GBIF Alpheus normanni -76.597 34.403 1982 12 
GBIF Alpheus normanni -76.597 34.403 1982 12 
GBIF Alpheus normanni -79.743 31.530 1983 5 
GBIF Alpheus normanni -78.8 18 32.483 1983 6 
GBIF Alpheus normanni -76.570 33.815 1983 12 
GBIF Alpheus normanni -77.403 33.510 1983 12 
GBIF Alpheus normanni -76.597 34.403 1983 12 
GBIF Alpheus normanni -77.417 33.538 1984 8 
GBIF Alpheus normanni -77.417 33.538 1984 8 
GBIF Alpheus normanni -77.417 33.538 1984 8 
GBIF Alpheus normanni -76.597 34.402 1984 8 
GBIF Alpheus normanni -76.597 34.402 1984 10 
GBIF Alpheus normanni -80.347 31 .685 1984 10 
GBIF Alpheus normanni -83.357 26.764 1985 3 
GBIF Alpheus normanni -82.869 25.288 1988 5 
GBIF Alpheus normanni -82.210 26.298 1988 11 
GBIF Alpheus normanni -82.210 26.298 1990 4 
GBIF Alpheus normanni -82.101 26.767 1990 9 
GBIF Alpheus normanni -82.101 26.767 1991 6 
GBIF Alpheus normanni -81.800 25.294 1992 5 
GBIF Alpheus normanni -81.800 25.294 1992 6 
GBIF Alpheus normanni -81.800 25.294 1992 6 
GBIF Alpheus normanni -81.663 25.297 1992 6 
GBIF Alpheus normanni -81.800 25.294 1992 6 
GBIF Alpheus normanni -81.800 25.294 1992 6 
GBIF Alpheus normanni -81.800 25.294 1992 6 
GBIF Alpheus normanni -82.134 26.051 1992 6 
GBIF Alpheus normanni -82. 102 25.764 1992 7 
GBIF Alpheus normanni -79.827 32.412 1992 7 
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GBIF Alpheus normanni -82.869 25.288 1992 7 
GBIF Alpheus normanni -82.869 25.288 1992 7 
GBIF A lpheus normanni -81.572 24.704 1997 
GBIF Alpheus normanni -81.648 24.751 1997 
GBIF Alpheus normanni -81.319 25.581 1997 7 
GBIF Alpheus normanni -81.233 25.178 1997 7 
GBIF Alpheus normanni -81.258 25.422 1997 9 
GBIF Alpheus normanni -81.431 25.009 1998 1 
GBIF Alpheus normanni -81.699 25.280 1998 3 
GBIF Alpheus normanni -81.325 25.264 1998 8 
GBIF Alpheus normanni -81.258 25.422 1998 11 
GBIF Alpheus normanni -81.325 25.264 1999 7 
GBIF Alpheus normanni -81.568 25.377 2000 2 
GBIF Alpheus normanni -81.723 25.183 2000 2 
GBIF Alpheus normanni -81.616 25.840 2000 2 
GBIF Alpheus normanni -81.258 25.126 2000 3 
GBIF Alpheus normanni -81.568 25.377 2000 3 
GBIF Alpheus normanni -81.723 25. 183 2000 3 
GBIF Alpheus normanni -81.249 25.070 2000 3 
GBIF Alpheus normanni -81.633 25.529 2000 3 
GBIF Alpheus normanni -8 1.444 25.463 2000 3 
GBIF Alpheus normanni -8 1.258 25.422 2000 6 
GBIF Alpheus normanni -81.633 25.529 2000 7 
GBIF Alpheus normanni -81.565 25.052 2000 11 
GBIF Alpheus normanni -81.633 25.529 2000 11 
GBIF Alpheus normanni -81.444 25.463 2000 11 
GBIF Alpheus normanni -81.233 25.178 2000 11 
GBIF Alpheus normanni -8 1.616 25.840 2000 11 
GBIF Alpheus normanni -80.791 28.852 200 1 4 
GBIF Alpheus normanni -81.572 24.705 2001 6 
GBIF Alpheus normanni -81 .649 24.751 2001 7 
GBIF Alpheus normanni -81.796 24.629 2002 4 
GBIF Alpheus normanni -81.794 24.616 2002 4 
GBIF Alpheus normanni -8 1.346 25.337 2002 5 
GBIF Alpheus normanni -81.430 25.010 2002 6 
GBIF A lpheus normanni -81.723 25.182 2002 6 
GBIF Alpheus normanni -81.411 25.154 2002 6 
GBIF Alpheus normanni -81.223 25.364 2002 6 
GBIF Alpheus normanni -81.347 25.106 2002 6 
GBIF Alpheus normanni -8 1.569 25.377 2002 7 
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GBIF Alpheus normanni -81.700 25.280 2002 7 
GBIF Alpheus normanni -80.159 25.764 2002 7 
GBIF A lpheus normanni -80.929 31.986 2002 7 
GBIF Alpheus normanni -81.718 24.683 2002 10 
GBIF Alpheus normanni -81.571 25.054 2002 10 
GBIF Alpheus normanni -81.250 25.071 2002 10 
GBIF Alpheus normanni -8 1.720 25.184 2003 3 
GBIF Alpheus normanni -82.707 24.654 2003 3 
GBIF Alpheus normanni -82.214 24.600 2003 4 
GBIF Alpheus normanni -81.362 24.860 2003 4 
GBIF Alpheus normanni -81.635 24.546 2003 4 
GBIF Alpheus normanni -81.495 24.601 2003 6 
GBIF Alpheus normanni -83.892 27.620 2003 6 
GBIF Alpheus normanni -83.150 27.950 2003 7 
GBIF Alpheus normanni -83.883 27.942 2003 7 
GBIF Alpheus normanni -83.500 28.500 2003 7 
GBIF Alpheus normanni -83 .500 28.500 2003 7 
GBIF Alpheus normanni -86.083 29.916 2003 8 
GBIF Alpheus normanni -85.701 29.400 2003 8 
GBIF A lpheus normanni -85.701 29.400 2004 4 
GBIF Alpheus normanni -84.083 29.783 2004 7 
GBIF Alpheus normanni -84.734 29.333 2004 7 
GBIF Alpheus normanni -83.750 29.084 2004 7 
GBIF Alpheus normanni -83.384 26.417 2004 11 
GBIF Alpheus normanni -83.892 27.620 2005 I 
GBIF Alpheus normanni -83.883 27.942 2005 2 
GBIF Alpheus normanni -84.334 28.700 2005 7 
GBIF Alpheus normanni -86.083 29.916 2005 7 
GBIF Alpheus normanni -86.083 29.916 2005 7 
GBIF Alpheus normanni -86.083 29.916 2005 8 
GBIF Alpheus normanni -83.384 26.417 2005 8 
GBIF A lpheus normanni -82.333 26.667 2005 8 
GBIF Alpheus normanni -84.122 27.403 2005 8 
GBIF Alpheus normanni -83.892 27.620 2005 8 
GBIF Alpheus normanni -83.892 27.620 2005 8 
GBIF Alpheus normanni -84.334 28.700 2005 8 
GBIF Alpheus normanni -86.083 29.916 2005 8 
GBIF Alpheus normanni -86.083 29.916 2005 8 
GBIF Alpheus· normanni -86.083 29.916 2005 8 
GBIF Alpheus normanni -86.083 29.916 2005 8 
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GBIF Alpheus normanni -86.083 29.916 2005 8 
GBIF Alpheus normanni -84.083 29.783 2005 8 
GBIF Alpheus normanni -82.785 29.023 2005 8 
GBIF Alpheus normanni -83.872 29.976 2005 8 
GBIF Alpheus normanni -75.410 37.930 2005 8 
GBIF A lpheus normanni -79.892 32.776 2005 9 
GBIF Alpheus normanni -80.711 32.447 2006 2 
NBI A lpheus normanni -80.159 25.764 1995 4 
NBI A lpheus normanni -82.961 25.406 1999 8 
NBI Alpheus normanni -81.362 24.860 1997 8 
NBI Alpheus normanni -80.929 31.986 1995 8 
NBI Alpheus normanni -80.791 28.852 1994 8 
NBI Alpheus normanni -81.494 24.601 1998 8 
NBI Alpheus normanni -82.707 24.654 1997 7 
NBI Alpheus normanni -81.635 24.546 1998 7 
NBI Alpheus normanni -82.214 24.600 1997 8 
NBI Alpheus normanni -81.565 25.052 1994 9 
NBI Alpheus normanni -81.571 25.054 1996 8 
NBI Alpheus normanni -81.258 25.422 1994 9 
NBI Alpheus normanni -81.223 25.364 1995 9 
NBI Alpheus normanni -81.723 25.183 1994 9 
NBI Alpheus normanni -81.258 25.422 1994 9 
NBI Alpheus normanni -81.794 24.616 1995 9 
NBI Alpheus normanni -81.796 24.629 1995 9 
NBI Alpheus normanni -81.724 25.182 1995 9 
NBI Alpheus normanni -81.258 25.422 1994 9 
NBI Alpheus normanni -81.572 24.704 1994 9 
NBI Alpheus normanni -81.700 25.280 1995 9 
NBI Alpheus normanni -81.346 25.337 1995 8 
NBI Alpheus normanni -81.444 25.463 1994 9 
NBI Alpheus normanni -81.250 25.071 1996 8 
NBI A lpheus normanni -81.633 25.529 1994 8 
NBI Alpheus normanni -81.233 25.178 1994 9 
NBI A lpheus normanni -81.431 25.009 1994 9 
NBI Alpheus normanni -81.633 25.529 1994 8 
NBI Alpheus normanni -81.723 25.183 1994 9 
NBI Alpheus normanni -81.616 25.840 1994 8 
NBI Alpheus normanni -81.633 25.529 1994 8 
NBI Alpheus normanni -81 .568 25.377 1994 9 
NBI Alpheus normanni -81.649 24.751 1995 9 
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NBI Alpheus normanni -8 1.616 25.840 1994 8 
NBI A lpheus normanni -8 1.346 25. 105 1995 9 
NBI Alpheus normanni -81.325 25.264 1994 9 
NBI Alpheus normanni -8 1.699 25.280 1994 9 
NBI Alpheus normanni -8 1.258 25. 126 1994 9 
NBI A lpheus normanni -81.319 25.58 1 1994 9 
NBI Alpheus normanni -8 1.572 24.705 1995 9 
NBI Alpheus normanni -81.569 25.377 1995 8 
NBI A lpheus normanni -81.648 24.75 1 1994 9 
NBI A lpheus normanni -81.325 25.264 1994 9 
NBI Alpheus normanni -81.444 25.463 1994 9 
NBI Alpheus normanni -81 .249 25.070 1994 9 
NBI A lpheus normanni -81.568 25.377 1994 9 
NBI A lpheus normanni -81.233 25.178 1994 9 
NBI A lpheus normanni -8 1.428 25.010 1995 9 
NBI Alpheus normanni -81.718 24.683 1996 9 
NBI A lpheus normanni -8 1.72 1 25.184 1996 9 
NBI Alpheus normanni -81.4 11 25. 154 1995 9 
NMNH Alpheus normanni -83.872 29.976 1992 7 
NMNH Alpheus normanni -82.785 29.023 1992 7 
NMNH A lpheus normanni -84.734 29.333 1977 8 
NMNH Alpheus normanni -83.892 27.620 1977 8 
NMNH Alpheus normanni -83.892 27.620 1978 
NMNH Alpheus normanni -81.663 25.297 1982 12 
NMNH Alpheus normanni -81.800 25.294 1982 12 
NMNH Alpheus normanni -8 1.800 25.294 1982 12 
NMNH Alpheus normanni -81.800 25.294 1982 12 
NMNH Alpheus normanni -81.800 25.294 1982 12 
NMNH Alpheus normanni -8 1.800 25.294 1982 12 
NMNH Alpheus normanni -81.800 25.294 1982 12 
NMNH Alpheus normanni -82.101 26.767 1982 12 
NMNH Alpheus normanni -82. 101 26.767 1982 12 
NMNH Alpheus normanni -82.2 10 26.298 1982 12 
NMNH A lpheus normanni -82.869 25.288 1984 8 
NMNH Alpheus normanni -82.869 25.288 1984 8 
NMNH Alpheus normanni -82.102 25.764 1983 12 
NMNH Alpheus normanni -82.134 26.05 1 1983 12 
NMNH Alpheus normanni -83.357 26.764 1982 2 
NMNH Alpheus normanni -82.869 25.288 1982 2 
NMNH A lpheus normanni -83.357 26.764 1981 5 
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NMNH Alpheus normanni -82.527 25.765 1981 4 
NMNH Alpheus normanni -82.210 26.298 1982 12 
NMNH Alpheus normanni -82.527 25.765 1981 4 
NMNH Alpheus normanni -83.357 26.764 1981 5 
NMNH Alpheus normanni -82.719 26.763 198 1 5 
NMNH Alpheus normanni -80.365 29.57 1 1977 9 
NMNH A lpheus normanni -80.364 29.568 1977 9 
NMNH Alpheus normanni -83.892 27.620 1978 1 
NMNH Alpheus normanni -83.750 29.084 1977 8 
NMNH A lpheus normanni -84.083 29.783 1978 1 
NMNH Alpheus normanni -84.083 29.783 1977 8 
NMNH Alpheus normanni -83.500 28.500 1977 8 
NMNH Alpheus normanni -83.500 28.500 1977 8 
NMNH Alpheus normanni -84. 122 27.403 1978 1 
NMNH Alpheus normanni -83.883 27.942 1977 8 
NMNH A lpheus normanni -83. 150 27.950 1977 8 
NMNH Alpheus normanni -84.334 28.700 1978 1 
NMNH Alpheus normanni -84.334 28.700 1977 10 
NMNH Alpheus normanni -83 .883 27.942 1977 10 
NMNH Alpheus normanni -83.384 26.417 1978 1 
NMNH Alpheus normanni -83.384 26.417 1977 10 
NMNH Alpheus normanni -82.333 26.667 1978 
NMNH Alpheus normanni -83.892 27.620 1977 10 
GBIF Alpheus normanni -76.682 34.698 187 1 --
NBI Alpheus sp. C -80. 172 25.805 1996 6 
NBI Alpheus sp. C -80. 172 25.805 1996 6 
GBIF Alpheus togatus -85.500 29.500 0 
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